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Supravalvar aortic stenosis

E. C. Martin and I. F. Moseley
From St. Bartholomew's Hospital, London

Twelve cases are described and 200 published cases analysed. The supravalvar aortic stenosis syndrome is
one manifestation of the idiopathic hypercalcaemia of infancy syndrome, and the possible aetiologies are dis-
cussed. Another presentation of supravalvar aortic stenosis is in the so-called familialform, but there may exist
considerable confusion between these two forms, as less than 50 per cent of those without physical stigmata
have a positive family history, and the severeform of the idiopathic hypercalcaemia of infancy syndrome pre-
senting with supravalvar aortic stenosis may have intermediate, or even normal facies. Management
depends largely on the severity of the outflow tract obstruction. Full classification may be delayed until the
aetiology is completely understood.

In I958, Denie and Verheugt diagnosed supravalvar
aortic stenosis by retrograde arterial catheterization
of the left ventricle, and on reviewing the published
reports, found ii other cases mentioned, of whom
3 had mental retardation. Three years later in I96I,
Williams, Barratt-Boyes, and Lowe described 4
cases of supravalvar aortic stenosis with the triad
of 'characteristic' facies, mental retardation, and the
supravalvar lesion. The facies consisted of protrud-
ing lips, low set ears, epicanthic folds, and strabis-
mus.

Angiocardiography was performed more regu-
larly in later series of what became known as the
supravalvar aortic stenosis syndrome. In all the I0
cases of Beuren et al. (I964) there were also peri-
pheral pulmonary arterial stenoses and they sug-
gested that the full syndrome should include this
anomaly, as well as a 'metallic' timbre of the voice,
dental hypoplasia, and the peripheral systemic
arterial stenoses which other workers, at the same
time, had been demonstrating angiographically
(Beuren, Apitz, and Harmjanz, I962; Bourassa and
Campeau, I963; Williamson, I964).

Recognized earlier, but documented contem-
poraneously with this syndrome and its stigmata,
was a familial form of the disease, with which the
sufferers had normal facies and mental development,
but a strong family history of similar lesion above
the aortic valve (Logan et al., I965). This syndrome
became regarded as a separate entity and included
sporadic cases without a family history. An interest-
ing series was that of Eisenberg et al. (I964), in
which 3 generations of 2 families were examined,
involving over I00 members. Five proven cases
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were recorded and a further 8 suspected clinically
of having the lesion. None had any of the physical
stigmata.

In 195i, Butler had described a case of severe
infantile hypercalcaemia associated with abnormal
facies in whom there was a cardiac murmur. Fanconi
et al. (1952) confirmed this 'elfin' facies syndrome
and documented it more fully. Other features com-
mon to both case reports were a low birthweight,
delayed appearance of ossification centres, dense
metaphyses, and azotaemia. Further studies revealed
a mortality of 25 per cent by 31 years, usually from
renal failure, with nephrocalcinosis a not uncommon
feature (Hoevels and Stephan, I962; Jue, Noren,
and Anderson, I965). The cause of the cardiac mur-
mur was not explained.

Black and Bonham Carter (I963) related the two
diseases by pointing out that the 'elfin' facies of
Schlesinger was similar to the 'characteristic' facies
of Williams. From the 5 cases that they added, in
all of whom the supravalvar aortic stenosis was sug-
gested on clinical grounds only, they elicited a his-
tory of failure to thrive in infancy. This, they intim-
ated, represented the hypercalcaemic episode and
the abnormalities were consequent upon it. Further
support associating the syndromes came from Hooft,
Vermassen, and Blancquaert (I963) and in i964,
Garcia et al. reported the first case of the full supra-
valvar aortic stenosis syndrome with a documented
episode of infantile hypercalcaemia.

Case histories
Case I A boy was born in I956 at 36 weeks by
caesarian section, performed because of foetal distress.
The birthweight was 2038 g and there was no history of
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a maternal intake of vitamin D supplements during
pregnancy, nor of hypercalcaemia. There was no family
history of congenital heart disease.
From the age of 3 to 9 months he failed to thrive and

at this time the serum calcium was found to be i2-2 mg/
I00 ml.
He has the elfin facies of hypercalcaemia, obvious

mental retardation, though his IQ has not been docu-
mented numerically, a 'metallic' voice, and dental hypo-
plasia. There are also bilateral radio-ulnar synostoses.
The blood pressure is 90/7o mmHg in the left arm and
I20/80 mmHg in the right arm, and the left-sided pulse
deficit is obvious clinically; a sign present in 9 of our I2
cases and first reported by Franch and Oran (I963). The
arterial wave form is normal, but there is a grade 2/4
ejection systolic murmur at the left sternal edge, con-
ducted up into the neck. There is no ejection click, no
early diastolic murmur, and the second sound moves
normally. The physical signs are consistent with a diag-
nosis of supravalvar aortic stenosis. The chest x-ray
shows a small ascending aorta and knuckle, but is other-
wise normal.
At the age of 7 a left renal staghorn calculus was noted

on a plain film, and he underwent nephrectomy at the
age of I5 because of repeated urinary infections. His
urine is now sterile and, as his left ventricular outflow
tract obstruction remains mild, catheterization is not
considered justifiable.

Case 2 This boy was born in I958 at 38 weeks, with
a normal birthweight. The pregnancy was normal and
there was no relevant maternal or family history. At
birth he was noted to have an 'odd' face and a cardiac
murmur and was thought to have Down's syndrome.

FIG . I Case 2: atypical facies of the syndrome, but
abnormal.

At the age of 6 weeks he was investigated for failure
to thrive, but no serum calcium estimation was obtained
and there is no clinical description available to classify
it definitely as idiopathic hypercalcaemia in infancy.
On examination now, he does not have Down's syn-

drome and his chromosome pattern is normal. His facies
is abnormal, but not the classical elfin type, though it
has some features in common with it (Fig. i). He has the
physical signs of supravalvar aortic stenosis which is not
causing significant outflow tract obstruction. The chest
x-ray shows a small aortic knuckle and ascending aorta.
His renal tract is normal.

Case 3 This boy was born in 1943 with a normal
birthweight and after a normal pregnancy. There was
no family history of congenital heart disease, and no
failure to thrive suggestive of infantile hypercalcaemia.
No relevant maternal history could be elicited. He first
presented with a murmur at the age of 5, when his facies
and IQ were normal; and at the age of 7, the diagnosis
of supravalvar stenosis was confirmed by catheterization
and angiocardiography (Fig. 2 and 3).

In addition, there was hypoplasia of the aortic arch,
enlargement of both coronary arteries, and mild right
innominate artery stenosis. Despite prophylaxis, he
developed bacterial endocarditis after the investigations
and he suffered a further attack at the age of I9.

Further catheterization showed considerable outflow
tract obstruction, with a gradient of 125 mmHg across
the stenosis, for which he was operated on with insertion
of a Dacron gusset. Seven years later he is well and has
a daughter.

Case 4 The daughter of Case 3 was born in I968; she
is asymptomatic with normal facies and apparently nor-

FIG. 2 Case 3: anteroposterior angiocardiogram
showing supravalvar aortic stenosis and typical large
coronary arteries arising below the stenosis.
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mal intelligence, but a murmur was noted at birth. Her
mother took no vitamin D supplements during the preg-
nancy and there is no relevant maternal history. She
now has the physical signs of supravalvar aortic stenosis
with a normal carotid pulse, but a grade 3/4 ejection
systolic murmur, best heard at the left sternal edge and
associated with a thrill going up into the neck. There is
no ejection click and only minor electrocardiographic
abnormalities. She has not been catheterized as the out-
flow tract obstruction remains mild.

Case 5 This girl was born in I950, one week post
mature, with a normal birthweight. She has 9 cousins,
4 with congenital heart disease (Fig. 4). There is no
relevant maternal history. Her face is normal and she
has an above average intelligence. A murmur was first
heard at the age of I0 months, and she was catheterized
aged ii years when the diagnosis of supravalvar stenosis
was confirmed and a 45 mm gradient found across the
obstruction. Left ventricular angiocardiography showed
only the supravalvar stenosis, and no arterial stenoses in
the branches of the aortic arch. At the age of 17 she
developed bacterial endocarditis, but since treatment
has been well.

Case 6 A boy, a cousin of Case 5, was born in I960,
with a normal birthweight and no relevant maternal
history. He has normal facies, a normal IQ, and a normal

FIrG. 3 Case : left ventricular angiocardiogram
confirming the findings in Fig. 2.
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FIG. 4 Family tree of Cases 5 to 9. Affected members
are indicated by solid symbols.

renal tract. A murmur was first heard at birth and there
is now a grade 3/4 ejection systolic murmur, best heard
at the left sternal edge and conducted into the neck.
There is no ejection click. The pulse in the left arm is
diminished, but the wave form is normal. His electro-
cardiogram shows no left ventricular hypertrophy, and
his chest x-ray shows only a small aortic knuckle and
ascending aorta. In view of the mildness of his outflow
tract obstruction he has not been investigated.

Case 7 The brother of Case 6 and a cousin of Case 5,
was bom in I958 with a normal birthweight and no
relevant maternal history. He has the same physical
signs as his brother, including the left brachial pulse
defect, and his chest x-ray is similar.

Case 8 A cousin of Cases 5, 6, 7, and 9, was born in
I971 with a normal birthweight after a normal delivery.
There is no relevant maternal history. A murmur was
first heard at birth and her face and IQ appear normal.
On examination now there is a diminished pulse in

the left arm. The carotid pulse is normal in wave form.
A grade 2/4 ejection systolic murmur is heard at the left
stemal edge and conducted up into the neck. There is
no ejection click and no early diastolic murmur.
The electrocardiogram shows right ventricular hyper-

trophy and the chest x-ray a large pulmonary artery
and a small aortic knuckle.
At catheterization there was a 20 mm gradient across

a supravalvar pulmonary artery stenosis, and angiocar-
diography confirmed this and showed a stenosis of the
right main pulmonary artery in addition.
A coincidental left-sided lesion has not been excluded.

Case 9 Another cousin of Cases 5-8 was bom in I96I
with a normal birthweight after a normal delivery. A
murmur was first heard at birth and there was no episode
of failure to thrive.
On examination now, he has a normal face and a

normal intelligence. There is a slightly diminished pulse
in the left arm to palpation and there are the physical
signs of supravalvar aortic stenosis. The electrocardio-
gram is normal and the chest x-ray shows only the
characteristic small aorta of this condition, present in 7
of our 12 cases and previously described in 38 per cent
of the cases of Kurlander et al. (I966).

I
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Case io Born in I949 after a normal delivery, with a
birthweight of 2490 g, her mother had taken no vitamin
D supplements during the pregnancy and there was no
family history of congenital heart disease. She appeared
normal at birth but, at the age of 6 months, failed to
thrive and was admitted to hospital with persistent
vomiting. No abnormality was found, and the serum
calcium was not measured. Improvement was slow and
it was not until the age of IO years that she began to
grow normally. It was about this time that her abnormal
facies and cardiac murmur were first noted, but review-
ing old photographs, her face had been abnormal since
infancy.
On examination now she is I37 cm tall, has typical

elfin facies (Fig. 5), a 'metallic' voice, dental hypoplasia
with carious teeth, and obvious mental retardation. Her
IQ was measured as 47 (Termann Merrill) aged 7, but it
appears higher than that now. There is a diminished
pulse in the left arm, but the arterial wave form is nor-
mal. The physical signs are those of supravalvar aortic
stenosis. The electrocardiogram shows no left ventricular
hypertrophy, but the ST segments are abnormal. The
chest x-ray shows a small aortic knuckle and several
peripheral pulmonary arterial stenoses are suspected on
the plain film. These are not visible on the illustration
(Fig. 6) and have not been confirmed angiocardiographic-
ally because she does not merit catheterization. A similar
chest x-ray has been described previously by Kurlander
et al. (I966).
Her bone age is normal and there is no renal calcifi-

cation.

Case II Born in I949 with a normal birthweight after
a normal pregnancy, there was no relevant maternal

history and no family history of congenital heart disease.
She has normal facies and a normal intelligence.
She presented at the age of I3 years with progressive

dyspnoea. At catheterization she was found to have
supravalvar aortic stenosis with a gradient of 75 mm.
A mild innominate artery stenosis was seen on the angio-
gram and both coronary arteries were characteristically
large. She was operated upon with insertion of a Teflon
gusset and since then has been well and asymptomatic.

She now has a daughter who is normal and has no
cardiac murmur.

Case 12 Born in I96I at 331 weeks with a birthweight
of 2265 g, after otherwise normal pregnancy; his mother
had taken no vitamin D supplements during it and there
was no family history of congenital heart disease.
A murmur was first heard at the age of 6 months,

when he thrived poorly for 3 months and failed to gain
weight. However, no serum calcium estimation was
performed. After this episode, he always remained below
the third centile.
By the age of IO he had considerable exertional dys-

pnoea and on examination then had the characteristic
facies of the idiopathic hypercalcaemia of infancy syn-
drome, despite previous surgery for strabismus and
abnormal ears. He is subnormal and attends a special
school. No abnormality can be demonstrated in his renal
tract.
The physical signs suggested moderate left ventricular

outflow tract obstruction and the electrocardiogram

FIG. 5 Case IO: typical facies of supravalvar aortic FIG. 6 Case io: chest x-ray showing small aortic
stenosis syndrome. knuckle.
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showed some left ventricular hypertrophy. The chest
x-ray was normal apart from a small aorta.
The diagnosis of supravalvar aortic stenosis was con-

firmed at angiocardiography, and distal to the stenosis
the ascending aorta was hypoplastic. Both coronary
arteries were characteristically large. Right heart
catheterization showed a pulmonary artery pressure of
50/20 mmHg suggestive of peripheral pulmonary artery
stenoses.

Surgery was undertaken in I97I with excision of the
stenosis and insertion of a Teflon patch. Since then he
has been well and asymptomatic.

Analysis of clinical features
A review of the English language published reports
reveals 200 cases of supravalvar aortic stenosis, and
these are indicated on a separate list headed 'further
bibliography' if not otherwise referred to in the
paper. Their various clinical features are considered
below and our 12 cases included (Table).

(a) Presence of physical stigmata Eighty-nine
cases had abnormal facies which were either the
classical elfin type, or intermediate forms as in our
Case 2. Such a range of physical abnormalities was
first described by Antia et al. (I967). They may or

may not have impairment of intellect and not all
give a history of failure to thrive in infancy.

(b) Family history No case with physical stig-
mata has a positive family history, though 4 patients
have a sib with mental retardation. However, no
details of their facies or cardiac status are available.
Among the 123 cases without stigmata, a positive
family history is available in only 5I. Several of
those without such a history may be first mutations,
as in our Case 3, but there must exist too, a group
of sporadic idiopathic supravalvar aortic stenosis.

The aetiology of some of these will be discussed
later.

(c) Direct evidence of hypercalcaemia Only
7 patients had documented evidence of hyper-
calcaemia in infancy and all had obvious physical
stigmata. It is therefore an infrequent pointer to the
diagnosis and even a history of failure to thrive in
infancy may be absent.

(d) Lesions of renal tract Three of the 89
patients with facial abnormalities had nephrocalcino-
sis visible on the plain x-ray (Antia et al., I967;
Black, Butler, and Schlesinger, I965), one of whom
also had a calculus (Jue et al., I965). Two further
patients had calculi without nephrocalcinosis (Vys-
louzil, Endrys, and Steinhart, I964) (Case I).
One patient, with normal facies and intelligence,

had bilateral calculi, and Myers and Willis (I966)
suggested that there must have been an infantile
hypercalcaemic episode, but gave no indication of
it in the clinical history. Certainly, there was no
family history of an aortic lesion. This is the only
case of calculus nephropathy among the so-called
familial cases.

(e) Presence of multiple vascular lesions Of
175 patients investigated adequately, peripheral
arterial stenoses were reported in about 60 per cent,
but in almost every case the examination was
limited to the aortic arch and/or pulmonary trunk
and did not include more distal arteries. The inci-
dence may therefore be higher. Little significant
difference exists in the incidence between those with
facial abnormalities and those without.

TABLE Clinical features of 12 Cases

Case Physical Family Other vascular lesions Brachial Chest x-ray
No. stigmata history pulse deficit

I + 0 No angiogram Left Small aorta
2 + 0 No angiogram Right Small aorta
3 0 + Peripheral systemic arterial stenoses Right Normal
4 0 + No angiogram None Normal
5 0 + None Right Normal
6 0 + No angiogram Left Small aorta
7 0 + No angiogram Left Small aorta
8 0 + Supravalvar pulmonary artery stenosis; Left Small aorta

peripheral pulmonary artery stenosis
9 0 + No angiogram Left Small aorta
IO + 0 No angiogram Left Small aorta; peripheral

pulmonary artery stenoses
II 0 0 Peripheral systemic arterial stenosis None Normal
I2 + 0 Peripheral pulmonary arterial stenoses; None Normal

hypoplasia of aorta
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Discussion

The relation of the supravalvar aortic stenosis syn-
drome to idiopathic hypercalcaemia of infancy has
been clarified. Presentation is either soon after birth
in the acute hypercalcaemic episode or in the late
normocalcaemic stage. The acute group are diag-
nosed as idiopathic hypercalcaemia of infancy,
regardless of their cardiac lesion, which at that stage
is usually of only secondary importance. In the late
normocalcaemic stage, the diagnosis depends on the
cardiac status. Those with supravalvar aortic steno-
sis form the supravalvar aortic stenosis syndrome,
while those without form the late normocalcaemic
stage of the idiopathic hypercalcaemia of infancy
syndrome (Fraser et al., I966).
Few cases have been investigated cardiologically

during the acute hypercalcaemic episode, but Wiltse
et al. (I966) described identical twins who had only
peripheral pulmonary arterial stenoses. Fraser et al.
(I966) found the same lesion in another patient in
the acute stage. Eie et al. (I972) found peripheral
pulmonary arterial stenoses associated with coarcta-
tion in another patient with the acute syndrome.
In Rashkind, Golinko, and Arcasoy's original series
(i96i),whichincluded i i necropsy casesofidiopathic
hypercalcaemia of infancy, none had supravalvar
aortic stenosis but 7 had cardiac abnormalities.
Black et al. (i965) did report one case, however, of
idiopathic hypercalcaemia of infancy in whom at
necropsy there was supravalvar aortic stenosis, but
the range of cardiovascular abnormalities in idio-
pathic hypercalcaemia in infancy is obviously large,
and while it has been convenient to separate the late
normocalcaemic stage into those with supravalvar
aortic stenosis and those without it is obviously
artificial. Those cases with only peripheral pulmon-
ary arterial stenosis and all the physical stigmata are
equally a part of the syndrome, and may be included
in it by designating all as the late normocalcaemic
stage of the idiopathic hypercalcaemia of infancy
syndrome.

Aetiology A study of 2I2 cases with the late
normocalcaemic idiopathic hypercalcaemia of in-
fancy syndrome reveals 8 patients (including our
Case 2) in whom the facies were abnormal at birth.
Prenatal factors are therefore implicated and it
seems more likely that the hypercalcaemia is a
manifestation of the same complex of metabolic
abnormalities, which results in the characteristic
vascular, facial, and other findings.
Many more cases of idiopathic hypercalcaemia of

infancy were described in England where it was
routine for pregnant women to be given vitamin D
supplements than in countries where this was not

the practice, and moreover, the incidence fell when
these supplements were reduced by half.

Beuren (I965) reported 2 cases given massive
doses ofvitamin D in error, both ofwhom developed
supravalvar aortic stenosis and became mentally
retarded. Animal experiments by Friedman and
Roberts (I966) demonstrated aortic abnormalities
in 40 per cent of the progeny of rabbits given large
amounts of the vitamin during pregnancy, and in
24 per cent, these resembled the human lesion; 70
per cent of them had craniofacial abnormalities.

Although supravalvar aortic stenosis and hyper-
calcaemia can be related to excessive intake of vita-
min D, there is no evidence in most cases, including
ours, that either the mothers, or the infants, have
had an excessive intake. It has been suggested
(Antia, I965) that patients with the syndrome handle
vitamin D differently from normals, and Fellers and
Schwartz (I958) have described it as an inborn
error of metabolism, a characteristic of which is
deranged foetal handling of vitamin D. Forfar
wonders whether or not there may be a toxic meta-
bolite produced in the mother or the foetus from
the abnormal handling and breakdown of the vita-
min (Forfar et al., I956).
Whatever the metabolic defect, it may express

itself in several ways: (a) by the production of an
episode of hypercalcaemia frequently severe enough
to result in renal damage; (b) by the production of
vascular lesions, of which supravalvar aortic stenosis
is commonly the most significant clinically; and
(c) by mental deficiency, craniofacial dysplasia, and
the other common features, of which some may
result from the original insult, e.g. intellectual im-
pairment, others may be a direct consequence of the
other abnormalities, e.g. pyloric stenosis as a mani-
festation of hypercalcaemia, while others may be
less specific manifestations of general ill health
during infancy, e.g. delayed skeletal maturation.
The degree to which each expression proceeds

may be independently variable; a number of patients
with hypercalcaemia will also develop supravalvar
stenosis and vice versa, and the associated stigmata
will be present to an extent not necessarily related
to either. Some patients may therefore show pure
supravalvar aortic stenosis without any of the other
components of the syndrome, and others, peripheral
pulmonary arterial stenosis rather than systemic
arterial lesions.

Possible causes for this metabolic defect, or inborn
error of metabolism, logically include only three
factors: (a) environmental, (b) chromosomal, and
(c) a single gene mutation. Environmental factors
can be excluded, as no patient has been shown to
have an intake of vitamin D which would be exces-
sive in the normal, though sensitization to normal
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amounts has been considered above. Chromosomal
studies by Merritt et al. (I963) have shown no de-
tectable abnormality. A single gene mutation there-
fore seems the most likely.

This could have two main pathways. Firstly, to
cause a metabolic defect in vitamin D handling, as
detailed above, perhaps by a single enzyme defect;
or secondly, to produce supravalvar stenosis and
other vascular stenoses as a genetic defect. Both of
these factors could be transmitted with varying
penetrance to exhibit either as the idiopathic hyper-
calcaemia of infancy syndrome, or as the spontane-
ous or familial form of supravalvar aortic stenosis.
Each may be potentially inheritable, though inherit-
ance has only been documented in the so-called
familial type.
The late normocalcaemic stage of the idiopathic

hypercalcaemia in infancy syndrome will therefore
contain patients with supravalvar aortic stenosis
and the physical stigmata, patients without supra-
valvar aortic stenosis but possessing physical stig-
mata, and some patients with supravalvar aortic
stenosis and minimal or no stigmata. Equally,
patients with normal facies, birthweight, and intelli-
gence, whether or not they have a positive family
history, may represent the familial form, the spor-
adic idiopathic group, or even, rarely, the late
normocalcaemic stage of the idiopathic hypercal-
caemia of infancy syndrome. Under these circum-
stances, rigid differentiation into the supravalvar
aortic syndrome and the familial form may serve
only to confuse. Once the aetiology is documented
and the enzyme defect isolated, if indeed it is the
cause, it will be once more possible to classify these
patients adequately.

We are grateful to Dr. N. A. J. Hamer for his advice and
encouragement and for permission to study his patients;
and to Dr. G. W. Hayward and Mr. 0. S. Tubbs;
also to Drs. Stone and Radley Smith for information
about three of these patients. We are also grateful to the
Department of Medical Illustration of St. Bartholomew's
Hospital.
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